Abstract Modern integrated medical curricula usually do not include a separate pathology course. Consequently, there is a risk that important pathological principles may be omitted. We aimed to ensure that pathology is properly represented by developing a core pathology curriculum created in consultation with local pathologists. Appropriate information technology to track the delivery of this material within the integrated curriculum structure was developed using a learning content management system in which a metadata schema was constructed. This allows a sophisticated view of where and how pathology appears in the course and can also increase the visibility of the subject by demonstrating the central place of pathology in medicine. In conclusion, a core curriculum in pathology that can be tracked by information technology with sufficient power and flexibility is a solution to the potential loss of pathology from integrated medical courses. We believe the result is superior to a stand-alone pathology course.
Pathology is a core subject, the link between basic science and clinical medicine [1] . Its importance to medical students is emphasised in the Australian Medical Council's goals and objectives of basic medical education [2] and is made explicit by the General Medical Council in the statement that medical graduates 'must know about and understand…abnormal structure and function, including the natural history of human diseases' [3] .
However, there is widespread concern amongst pathologists that medical students learn in sufficient pathology in modern medical courses [4] [5] [6] . In general, medical educators have moved away from traditional discipline-based curricula towards integrated curricula. Such courses are considered to help students see the clinical relevance of the basic sciences, to make links with other subjects and to learn the complex process of clinical decision-making [1, [7] [8] [9] [10] . Nevertheless, the loss of the dedicated 'pathology course' in such integrated curricula is often considered a retrograde step resulting in students encountering insufficient pathology. Not only could students fail to learn pathology in sufficient depth but they might also have insufficient experience of pathology to consider choosing it as a career [4] [5] [6] .
The new medical curriculum at the University of Wollongong is an example of an integrated course. One of the challenges in creating the new curriculum was to address the problems of incorporating the teaching of pathology. This paper describes how appropriate information technology (IT) allows a core curriculum in pathology to be delivered and assessed. The IT database can be interrogated easily to demonstrate exactly how and when the pathology curriculum has been included in the course. In this way, a 'virtual pathology course' can be tracked within the integrated curriculum. We believe this addresses many of the fears that pathologists might otherwise entertain about integrated medical courses.
integrated curriculum leading to the award of the MB BS. It is based on 93 clinical problems around which the content is arranged (Electronic supplementary material, Fig. 1 ). The clinical competencies and underpinning knowledge that a newly qualified doctor would need to deal with each problem are clearly defined in a 'blueprint' cross-referenced to the course learning outcomes. Pathology is fully integrated into the curriculum, and there is no separate pathology course. From the perspective of pathology as a discipline, there are risks associated with this curriculum structure: if an important pathological principle happens not to be addressed directly by any of the clinical problems, it may be missed out entirely. Anecdotally, this is one of the objections that pathologists often raise when an integrated curriculum is developed without a separately identifiable pathology course.
We decided to develop a core curriculum in pathology so we could ensure that all important pathological principles would be included in the course. We wanted to link this pathology curriculum to our information management system so we could track exactly where the material was being delivered and assessed.
Developing the core curriculum
One of us (NJC) devised a core curriculum comprising a syllabus in general and systematic pathology based on a combination of what is included in standard undergraduate textbooks, previous experience in teaching pathology to undergraduates and national guidelines [5] . The resulting draft was then circulated to practicing pathologists in the region for comment-not only histopathologists but also clinical and general pathologists. The initial draft was modified as a result of this feedback. A second circulation resulted in the working version of the core curriculum. We believe this process has produced a better result than if we had just taken a curriculum produced elsewhere and tried to use it. The reason is that each course is unique, and some aspects of a core curriculum may be applicable to one course but not another. Our pathology curriculum is tailored to our course, is up to date and takes into account the opinion of local practicing pathologists.
In one study, circulating drafts of checklists of pathology content to pathologists tended to result in an increase in the number of topics, and the authors of that study 'exercised vigilance in trying to ensure that imbalance of scope and emphasis did not occur' [11] . Our experience was similartopics and disease entities were added at each iteration of the circulated draft. We found that starting with a lean original draft was helpful in preventing a final version that was too large and unwieldy. Trying to be too comprehensive from the start may have resulted in a syllabus too long to be useful. Our aim was to produce a list of core material essential to understanding the pathology relevant to the 93 clinical problems that comprise the course rather than a comprehensive list of all the pathology a medical student might conceivably encounter.
Part of the core curriculum is shown in Table 1 . However, we do not suggest that what we have developed would be suitable for all medical schools, because it has been tailored to our particular needs. For example, microbiology and genetics have limited representation because these fields are separate science entities in our course. On the other hand, we stray into the borderland with sociology and ethics in considering the definition and nature of 'disease' because this topic is not covered in the social sciences in our medical school.
Information technology
The educational design of the course required a number of characteristics from the technology. In particular, in order to allow pathology content in the course to be identified, content must be tracked within the curriculum using a metadata schema, which is a system resembling the cataloguing of items used by libraries. Metadata is structured information describing the characteristics of an item; the individual elements together with their meaning form a schema. For example, the National Library of Medicine uses a metadata schema that includes such characteristics as keywords and MeSH headings that are used when searching the database [12] . Having constructed a metadata schema for the course, the various components, including the pathology core curriculum, can be mapped to it as described later. Other requirements of the technology include: the ability to hold many large digital resources; user access to content via the metadata schema and the multiple taxonomies it generates; availability of content throughout the course; cohort-specific content persistence (e.g. a cohort in fourth year has access to the content they covered in their first year, not what the current first year cohort is covering), with minimum duplication; permission control over content, to allow specific subgroups access to specific content and version control of content.
A learning content management system called Equella (The Learning Edge, Hobart, Australia) was selected to meet these requirements. It was extensively customised with the creation of XSL templates, reports and power searches. It was integrated with version 4 of Blackboard Vista (Blackboard Inc, Washington D.C., USA) through its PowerLink tool, as the online environment and portal to all content for students and staff.
A curriculum metadata schema was created, describing the clinical problems, learning outcomes, body systems, science specialties and clinical specialties that each item is associated with. This overlays multiple taxonomies on the content and allows detailed searching and interlinking via each of these fields. For example, students and staff can search across the entire course for resources, readings, lecture slides, etc. related to a particular specialty such as pathology. Further, navigation through the clinical problems' blueprints via these descriptors forms a 'curriculum web'. An example of how this can work in practice is shown in Supplementary Figs. 1 and 2 (Electronic  supplementary material) .
Student assessment is aligned with teaching via the learning outcomes that are stated for each learning activity. These outcomes are part of the metadata schema and represent the link between the pathology curriculum and assessment practices.
Since the 93 problem blueprints form the skeleton of our curriculum, navigating through these makes evident to students the integrated nature of the curriculum, as the blueprints are extensively interconnected through shared schema elements such as learning outcomes, specialties and body systems [13] . For example, they can easily see how pathology is integral to understanding the many problems and is not seen as an isolated subject. Furthermore, since students use this curriculum web to navigate through to resources, the curriculum becomes a usable everyday framework rather than a course outline document that is received in week one and never consulted again.
Detailed reports and charts can be generated using the metadata to track coverage of the specialties, problems, learning outcomes, and body systems in the course. An example of one such chart is shown in Supplementary  Fig. 3 (Electronic supplementary material) . These visualisations are very helpful in identifying coverage patterns and exceptions, as well as comparing the images from year to year for evaluation purposes. They suggest not only where in the course pathology is covered, but how. For example, Supplementary Fig. 3 (Electronic supplementary material) shows that pathology is covered consistently throughout the phase, suggesting the specialty is well integrated into the curriculum. Similar visualisations can be generated to show the coverage of pathology across the clinical problems and learning outcomes.
Staff and students have evaluated the school's online learning environment, and the comments have been encouraging and favourable. A typical student comment: 'It is a tremendous asset to both students and faculty. Not only does it allow you to revisit material remotely, but more importantly it systematically organises it for you, allowing you to go back and access material from previous weeks or months in mere seconds.' Moreover, this online learning environment has won international awards. It recently received an Australasian Society for Computers in Learning Comprises the General Pathology section in Tertiary Education award and was the top-ranked Platinum Learning Impact Award recipient from IMS Global, which recognises the use of learning technology in context world-wide.
Discussion
The fear that the absence of pathology as a separate subject in integrated curricula leads to insufficient pathology content in modern medical courses is widespread [4] [5] [6] . This paper has described a way in which these potential problems can be addressed by firstly developing a core curriculum and then using IT to tag the corresponding course content in a metadata schema to ensure the curriculum is properly delivered. We believe this two-fold approach is essential. Without a core pathology curriculum, the incorporation of pathology topics in the course as a whole might otherwise become a matter of chance. On the other hand, in an integrated curriculum, sophisticated IT is the only practical way of tracking the various components of the pathology core curriculum to ensure they appear in appropriate contexts.
There is another advantage to this system. Students use the metadata schema on a daily basis to find teaching material. Consequently, students to see the central place of pathology in medicine as they navigate the online environment. This can address the problem of lack of exposure of pathology in integrated curricula, since the loss of pathology courses may cause pathology to lose its visibility to students as a discipline, leading to problems of recruitment into the specialty [4] [5] [6] . Ensuring that pathology is properly represented in the curriculum by methods such as those described in this paper will at least allow students to adequately encounter the subject.
There are few other descriptions of core pathology curricula in the literature. In the field of oral pathology, the British Society for Oral and Maxillofacial Pathology (BSOMP) have published a minimum curriculum similar in style to ours [14] . They were prompted to do so because, like the General Medical Council, the General Dental Council (GDC) have guidelines for teaching students expressed as generic outcomes that do not identify specific pathology topics. Their solution was to produce a consensus minimum through the BSOMP Teachers Group and cross-reference the topics not only with the GDC guidelines but also the Quality Assurance Agency for Higher Education benchmark statements for dentistry. BSOMP, when constructing their minimum curriculum, took it to 'include elements of… epidemiology, aetiology, genetics, microbiology and transmission, immunology, innate host defences, pathogenesis, structural changes at the macroscopic and microscopic levels, sequelae, complications and the interrelationship between disease processes, diagnosis, management and prognosis'. This list is similar in scope to ours, but we also included use of the clinical laboratory and the place of pathology in medical practice.
At the College of Medicine, University of Iowa, a core list of morphological entities was constructed. All the morphological entities from a standard text (Robbins Pathologic Basis of Disease) were listed and circulated to faculty members. The selection criterion was that a 'physician in training should recognise classical examples or a diagrammatic representation of the following lesions, and distinguish them from each other.' The result was a list of 608 lesions that were considered core entities [15] . We did not use this method on the basis that it emphasised recognition of appearances at the expense of deep understanding of important principles. There are also guidelines for oral pathology from the United States, although their content and validity have been questioned on the basis that they emphasise an excess of factual knowledge [16] .
If pathologists wish to see pathology flourish in modern curricula, they need to engage in the process of change and become involved in curriculum development, rather than romanticising the past [5, 6, 17] . If they do not, they are likely to become increasingly irrelevant in the development of medical education. As Marshall et al. succinctly put it: 'while the medical education train accelerates away, pathologists are at risk of being left on the platform arguing the benefits of steam' [18] . We believe that pathologists have the opportunity to make a significant contribution to medical education in the era of the integrated curriculum by developing well-designed core curricula and tracking delivery using appropriate IT.
